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O Abstract: A thermal interface mmpnim% a grid frame having a thermally conductive interface materia! coated thereon. The 

;n a heat source aiitl a heal uksipafiot; 
eils ai a lemperalEare at or below liie tempermiire of tte heat source. 



^ itiermal interface is disposed between a hea t source a nd a boat dissipatJon device wherein the ihemiaiiy conductive material preferably 
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THERMAL BMTERFACE MATERIAL ON A MESH CARRIER 
BACKGROUND OF THE MVENTTON 

Field, of the Invention : The present mventioii relates to apparatus and metiiods for 
5 removal of heat from electronic devices. In particular, tiie present invention relates to a 
fliermai interface comprising a grid frame coated with a theimal interface material, 
vsrherein the co^d grid frame is disposed between a heat generating source, such as a 
microelectronic die, and a heat dissipation device, such as a heat spreader or faeat sink. 
State of die Art : Higher performance, lower cost, increased miniaturization of 

10 int^ated circuit components, and greater packaging density of integrated circuits are 
ongoing goals of the microelectrooic and computer industry. As these goals are 
achieved, microelectronic dice become smaller. Accoixiingly, the density of power 
consumption of the integrated circuit components in the microelectronic die has 
iacre^e4 which, in turn, increases the average jimctioQ temperatiMre of the 

1 5 microeteetronic die. If the temperature of the microelcsrfronic die b««omes foo high, the 
integrated circuits of the microelectranic die may be damaged or destroyed. 

Various apparatus and techniques iiave been used and are presently being used for 
removing heat from microelectronic dice. One such heat dissipation technique involves 
the attachment of a heat dissipation device to a microelectronic die. FIG. 4 illustrates an 

20 assembly 200 comprising a microelectrouic die 202 (iliustrated as a flip chip) physically 
and electrically attached to a carrier substrate 204 by a plurality of solder balls 206. A 
back surface 216 of a hest dissipation device 208 may be attached to a back surfece 212 
of the microelectronic die 202 by athennaily conductive adhesive or solder 214. The 
heat dissipation device 208 may be a heat pipe, as known in the an^ or a heat slug 
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constructed from a thermally conductive material, such as copper, copper albys, 
aluminum, alummum alloys, and tiie Uke. 

However, the use of a rigid thermally conductive adhesive or solder 214 can cause 
stresses in the microelectronic die 2G2 due to a mismatch between coefficients of thermal 
5 expansion ("CTE") of the heat dissipation device 208 and the microelectronic die 202 as 
the microelectronic die 202 heats to a normal operating temperature when on and room 
temperature when off. Stresses due to CTE raismsrtch increase the probability that cracks 
will initiate and propagate in Ac micax)eIectromc die 202, which may cause the failure of 
the microelectronic die 202. Furthermore, in o«ler to get the solder materials to adhere to 
10 the microelectronic die back surface 212 and the heat dissipation device back surface 216, 
a gold coating may to be applied to both surfaces, which is prohibitively expensive. 

In another known embodiment as shown in FIG. 5, a pin grid array-type ("PGA") 
microelectromc die 222 is placed in a socket 224 mounted on the carrier substrate 204, 
wherein pins 226 extending from the PGA microelectronic die 222 make electrical contact 
1 5 with conductive vias 228 in the socket 224, The socket 224 is. In turn, in electrical contact 
(not shown) with the carrier subslrate 204. The heat dissipation device 208 (shown as a 
finned heat sink having a plurality of fms 232) is kept in contact with the microelectromc 
die 222 with a spring clip 234 which spans the heat dissipation device 208 and connects to 
the socket 224. A conductive grease 236 is placed between the microeiechoiuc die 202 
20 and the heat dissipation device 20S. This configuration virtually elinimates problems with 
CTE mismatch. 

It is also known that the conductive grease 236 of FIG. 5 may be replaced with a 
phase-change material or matrix. Such materials are in a substantially solid ph^e 
(paste-like consistency) when cool (i.e., room temperature). When heated (brought to 
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Operating temperalures), the pbase-cfaangs material changes to a substantially liquid 
pimse {grease-iike consistency) which allows pl^e-chang© matedal to conform to 
surface irreguiarites of mating surface (wiien in a solid phase the phase change material 
is not able to conforai to all microwarpages). Therefore the liquid phase has better 
5 contact properties which results m a higher heat dissipation compared to the solid pha^. 
One 5uch riaterial is Tfaermflow'^"' T443, consisting of a phase-change material within a 
fib^gl^s carrier (mat/pad) available from Oiomerics, WobunL MA, USA. 

However, as Uie size or "footprinf of microelectronic dice decreases, the contad; 
area betwesi the microelectronic die and the heat dissipation device decreases, which 

1 0 reduces the area available for conductive heat transfer. Thus, with a decrease of the size 
in the microelectronic die, heat dissipation from the heat dissipation device becomes less 
efficient. Furthermore, as the microelectronic die power is increased, the heat source 
upper temperature specifications decreases^ or the extsraal ambient temper^wre 
specification increases. Thus, every area of thermal performance must be examined for 

15 any possible enhaiujemenl Ofie siich area is the interface betweert the microelKJtronic 
die and tiie heat dissipation device. As microelecteonic dice become smaller, the heat 
transfer properties of the interface becomes a greater fector. Thus, ciarently available 
thermally conductive adhesives, greases, and phase-change materials generally are 
quickly beconiiug bottlenecks to heat dissipation, 
20 Hierefore, it would be advantageous to develop techniques and apparatus to 

improve the efficiency of heat transfer at an interfece between a heat source and a heat 
dissipation device. 
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BRIH? DESCRIPTION OF THE DRAWIMGS 
While the specification concludes with claims particularly pointing out and 
distinctly clainiing that which is regarded as the present iDvention, the advantages of this 
invention can be more readily ascertained from the following description of the 
5 invention when read in conjunction wife the accompanying drawings in which: 

FIG. I is an oblique view of an embodiment of a grid frame, according to the 
present invention; 

FIG. 2 is a side cross-sectional view of an embodiment of a grid frame coated witti 
a solder material, according to the present invention; 
10 FIG. 3 is a side cross-sectiooai view of an embodiment of a microelectronic 

assembly having a coated grid frame thermal interfece, according to the present 
invention; 

FIG . 4 is a side cross-sectional view of a heat dissipation device attached to 
microelectronic die. as known in the art; and 
15 FIG, 5 is a side crtm-sectioiml view of a heat dissipation device clipped to PGA 

microelectronic die, as known in the art. 



DETAILED DESCRIPTION OF THE ILLUSTRATED PJVIBQDIIVIENT 
Although the figures illustrate various views of the present ioventioii, these figures 
20 are not meant to portray microelectronic assemblies in precise detail. Rather, these 
figures illustrate microelectronic assemblies in a manner to more clearly convey the 
concepts of the pre^nt mvsition. Additionally, elements common between the figures 
retain the same numeric designation. 
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Although the present invention is described in terms of microelectronic dice and 
microelectronic-type heat dissipation devices, it is not so limited. Hie present invention 

may be used as an interface between any applicable heat source and heat dissipation 
medianism. 

5 FIG. 1 illustrates a g'id frame 102 of the present invention. The grid frame 102 

may be made of a thermally conductive material including, but not limited to, aluminum, 
copper, nickel, stainless steel, and the like. Prefers^ly the grid j&aaie 102 is febrieated 
by providing a metal foil and placing slits/perforadons therethrou^. The metal foil is 
expanited/stretched and rolled flat. However, it is understood that numerous fabrication 

1 0 techniques may be employed to febricate the grid frame 1 02, as will be apparent to one 
skilled in tibie art Furthermore, although the openings 104 in the grid frame 102 are 
shown to be square, they may be any shape including, but not limited to, triangular, 
rectangular, circular, elliptieal, and the like, depending on th.e fabrication technique. 
Hie grid frame 102 is then coated with a thermally conductive interface material 

15 1 06. FIG. 2 illustrates a cross-sectional- view of the grid fi^me 102 coated with the 
thermally conductive interlace material 106 to form a coated grid frame lOS. The 
thermally conductive interface m^rial 106 preferably has a melting temperature at or 
lower temperature than the temperature of the heat source to which the coated grid frame 
lOS will subsequeniiy abutted. It is, of course, understood that the actual profile and 

20 depth of thfe coating will depend on the physical proj^rties of the thermally conductive 
interface material 106 selected aisd the size of the openings 104 (see FIG. 1) of the grid 
frame 102. 

FIG. 3 illustrates a microelectronic component assembly 110 according to one 
embodiment of the present invention. The microelectronic component assembly 1 1 0 
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includes a microelectronie device package 1 18 cojnprisii^ a microelectronic die 1 12 
attached to and in electrical contect with a first surfece 116 of an interposer substrate 
1 14. The attachment and electrical coulact is achieved tlirough a plurality of small 
solder balls 122 extending between contacts 124 on the raicroeiectronic die 112 and 
5 contacts 126 on the tntBipojKr substrate first surfece 116. The interposer substrate first 
surface contects 126 are in discrete electrical contact witb contects 134 on a second 
surface 136 of the interposer substrate 1 14 throu^ a pluralitj/ of conductive traces (not 
shown) extending tibrough the interposer substrate 1 14. 

The electrical contact of the microelectronic device package 1 1 8 with a carrier 
10 substrate (such as a motherboard) 142 is achieved witii a plurality of solder balls 144, 
which are formed (reflow) on the interposer substrate second sur&ce contacts 134. The 
solder balls 144 extend between the interposer substrate swond surface contacts 134 and 
contacts 146 on a first surface 148 of the carrier substrate 142 to fomi an electrical 
cont^t liia?6between. 

15 The support strucftins 152 includes a frame 154, a backing plarte 156,aheat 

dissipation plate 158, and a plurality' of retention devices (shown as bolts 162 and nuts 
164). The backing plate 156 is placed adjacent a second surface 166 of the carrier 
substrate 142. The frame 154 is placed adjacent to the carier substrate first surface 148 
and at least partially suiTounds the microelectronic device package 1 18. 

20 The coated grid frame lOE is disposed between the heat dissipation plate 158 and 

the microelectronic die 1 12. The heat dissipation plate 1 58 extends over the frame 154. 
The bolts 162 extend through the hacking plate 156, the frame 154, and the heat 
dissipation plate 158, and are retained by nuts 164 threaded thereon. The heat 
dissipation piate 158 is made of a highly thermalfy conductive material including, but 
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not limited to, aluminian, aluminum alloys, copper, aad copper aIIo3/s. The heat 
dissipation ptete 158 dissipates the heat generated by flie microelectronic die 112. It is, 
of course, understood that other retention mechanisms, such as clips and the like, couid 
be used as the support structure 1 52. 
5 In one embodiment of the present invention (referring back to FIG. 2), the grid 

fiame 102 comprises a copper mesh havuig a strand width 172 of about 5 mils and an 
overall thickness 174 of about 1,5 mils. Hie individual grids (see FIGs. 1 and 2) have a 
pitch 1 76 of about 50 mils. It is noted that the mesh should be as thin as viably possible. 
The thermally conductive interfece material 106 is selected such at it melts at or 

10 below the normal operation temperature of the microelectronic die 112. In the present 
embodiment, the thermally conductive interface material is a solder (and will hereinafter 
be desired with the "106" element numbering) having a melting temixsrature of about 
60°C. Possible solder materials include, but are ncrt limited to, a lead solder having 
about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn; and a lead-free solder 

1 5 having about 5 1% In, about 32.5% Bi, and about 16,5% Sn. The exemplary lead and 
lead-free solders both have a mehing remper-ature of about 60°C. The grid frame 102 
can be coated with the solder 106 by melting it and dipping the grid frame 102 in the 
melted solder 106, such tftat the solder 106 complete^ coats the grid fi^e 102. It is, of 
course, understood that tlie grid frame 1 02 may be coared with the solder 106 using a 

20 number of technique, as will be apparent to one skilled in the art. Tlie coated grid 
frame 108 can then be placed between the heat dissipation plate 158 and tlie 
microelectronic die 112, with positive pressure therebetween induced by the support 
structure 152. 
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When the microe}ectronic die 1 12 is powered up, it generates heat, raising its 
temperature. TTius, wheal the temperataire of the microelectronic die 1 12 is increased 
above the melting temperature of the solder 106, the solder 1 06 melts and conforms to 
the microelectroaic die 1 12 and the heat dissipation plate 158 in an intimate, low thermal 
5 resistance contact therebetween. This enhances heat transfer from the microelectronic 
die 112 to the heat dfcsipation piate 158. Tlie grid j&ame 102 mechanically keeps the 
soider !06 ftom running out of the interface between the microelectronic die 112 and the 
heat dissipation plate 158. It is believed the cohesion of the solder retams the melted 
solder 106 on the grid frame 102, rather tiian the solder 106 stictdng to the grid frame. 
1 0. The melted solder 106 will tend to flow completely out of the interface between the 

microelectronic die 1 12 and the heat dissipation plate 158 without the grid flame 102, as 
the melted solder 106 generally does not wet either the microelectronic die 1 12 or the 
heat dissipation plate 158, 

When the microelectronic die 112 cools beiow the meidng point of the solder 1 06, 
15 *e solder 106 solidifies.. The melting point of the solder 106 is preferably at or above 
room teanperature (i.e., about 72^C). As the sold«- 106 cools, a weaic adhesion develops 
between the solder 106 and either or both of the microelectronic die 1 12 and the heat 
dissipation plate 158. Thus, tiie CTE mismatch will result in the de-couph'ng the 
microelectronic die 1 12 from the heat dissipation plate 158, thereby eliminating stres^s 
20 caused by CTE mismatch. In other words, the solidified solder IM breaks tec from the 
micmelectroak die and/or die heat dissipation plate 158. Furthermore, no special 
coating for the microelectronic die 1 12 and/or tlie heat dissipation plate 158 is needed. 

In a comparison between tlie above described grid frame (i.e., 1.5 mil copper with, 
a 50 mil pitch) with the lead soider coating (about 49% Bi, about 21% In, IS% Pb. 12% 

8 
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Sn) aad the oommercially available ITiennflow™ T443, the emkxiiment of the present 
invention demonsirated a thermal resistance of about 0,3 °C/W and the Thernjflow™ 
T443 demonstrated a thermal resistance of about 0.9 °C/W. Thus, the embodiment of 
tiie present invention has a considerable theniial conduction advantage over the 
5 'niermflow™T443. 



* !^ if t ii 



Having tlius described in detail embodiments of the present invention, it is 
10 understood that tlie invention defined by the appended claims is not to be limited by 

particular details set forih in the above desjription, as many apparent variations thereof 
are possible without departing from the spirit or scope thereof. 
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CI^IMS 



What is claimed is: 



L 



A thermal interfece, comprising: 



a grid frame; and 



5 



a theatnally conductive solder Material substaatialiy coating said grid frame. 



2. Ths ttiermai interfece of claim 1, wherein said grid frame comprises a 
thermally conductive material 

3 . The thermal interface of claim 2, wherein said thermally conductive 

niaterial selected from the group consisting of aluminum, aspper, nickel, and stainless 
10 steel. 

4. The thermal interface of clahn 1, wherein said grid frame comprises a 
planar, themially conductive mesh having mesh strands defining substantiaily square 
openiiig. 

5. The thermal interface of claim 4, wherein said mesh strands comprise. 
1 5 copper material strands on a 50 mil pitch and having a width of about 5 mils and a 

thickness of about 1.5 mils. 
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6. The thermal interface of claim 1 , whsreiii said theimally conductive solder 
material comprises about 49% Bi, about 21% In, about 18% Pb, ^d about 12% Sn. 

7, Hie Hiermal interface of claim 1, wherein said thermally conductive solder 
material comprises about 51% In, about 32.5% Bi, and about 16.5% Sn. 

5 8. A device assembly, comprising: 

a heat soiirce; 

a heat dissipation device; and 

a thermal interface, disposed between said heat source and said heat dissipation 
device, comprising a grid frame substantially coated with a thermally conductive solder 
10 material. 

9. The device as^mblj' of claim §, wherein said thenndly conthictive solder 
material melts at a temjKsrature at or below a temperature of said heat source. 

1 0. The device assembly of claim 8, wherein said grid fiame comprises a 
thermally conductive material. 

55 II, The device assembly of claim 10, wherein said theitnally conductive 

matmal selected from the group consisting of aluminum, copper, nickel, and stainless 
stsel. 
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12, The device assembly of claim 8, wherein said grid frame comprises a 
planar, thcmially conductive mesh having mesh straack defining substantially square 

openiag. 



13. The device assembly of claim 12, wherein said mesh strands comprise 
5 copper mate-rial strands on a 50 mil pitch and having a width of about 5 mils and a 
thickness of about 1.5 mils. 



1 4. TTie device as^mbly of claim 8, wfaerem said thermally conductive solder 
material comprises about 49% Bi, about 21% In, about 18% Pb, and about 12% Sn. 

15. The device assembly of claim 8, wherein said thermally conductive solder 

10 material comprises about 5 1% In, about 32.5% Bi, and about 16.5% Sn. 



1 6. A micFOelectronto device assembly, comprising: 

a microelecti'onic die; 

a heat dissipation device; and 

a tiiermal interface, disposed between said heat source and said heat dissipation 
1 5 device, comprising a grid frame substantially coated with a thermally conductive solder 

material. 



17. The micrwilectronic device assembly of claim 16, wherein said thermally 

conductive solder material melts at a temperature at or below an operating temperature of 
said microeiectFonic die. 

12 
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1 8 . The tnicroelectronic device assembly of claim 16, wherein said thermally 
conductive interface matsrial b substoitially solid at room temperature. 

19. The microelectronic device assembly of claim 16, wherein said grid frame 
cocysrises a thermally conductive material. 

5 20. Hie microelectronic device assembly of claim 16, wherein said thermally 

conductive material selected from the group consisting of aluminum, copper, nickel, and 

stainless steel. 

2 1 . Hie microelectronic device assembly of claim 16, wherein said grid fi-ame 

comprises a planar, thermally conductive mesh having mesh strands defining substantially 
10 square opening. 

22. The microelectronic device ^sembly of claim 2 1 , wherein said mesh 
strands comprise copper material strands on a 50 mil pitch and having a width of about 5 
mils and a thickness of about 1.5 mils. 

23. The microelectronic device sasembly of claim 16, wherein said.thermaily 
15 conductive solder material comprises about 49% Bi, about 21% In, about 18% Pb, and 

about 12% Sn. 
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24. The microelectronic device assembly of claim 16, wherein said thertnaliy 
conductive solder material comprises about 51% In, about 32.5% Bi, and about 16.5% Sn. 

25, The microelectronic device assembly of claim 16, further including a 
support sfructure which induces a positive pressure between the microelectronic die and 

5 the heat dissipation device. 
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THERMAL-SPRAYED METALLIC CONFORMAL 
COATINGS USED AS HEAT SPREADERS 

BACKGROUND OF THE INVENTION 

The present inventiou relates broadly to enclosures, such as cases, cabinets, 
housings, or parte thereof such as doors or covers, for mobile, i.e., cellular telephone 
handsets and other electronic device, md particularly to the manufactui'e of such 
5 enclosures as havmg a metallic conformal coating which may be used as a heat spreMer. 

Engineers involved in the design of portable and other electronic systems and 
devices, such as televisions, radios, computers, mobile, i.e., cellubr telephone handsete, 
medical instruments, business machine, communications equipment, and the like, often 
face performance problems, as well as govermnent and industrial regulations, concerning 

10 electromagnetic interference (EMI). As plastic-housed electronics continue to shrink in 
size and to run at higher clock speeds, the chances for EMI problems increase. Radio 
frequency (RF) and digital components, current carrying traces, wires, and other 
conductors are the typical sources of most EMI emissions. In some cases, the more 
'*noisy" components can be moved away fom sensitive areas. However, smaller devices 

1 5 and tightly packed boards minimize that opportumty in a great many systems. 

Ultimately, most iiigii-frequency systems require some form of EMI shielding at 
the enclosure level. These enclosures, which may be a case, cabinet, or housing, or a part 
thereof such as a door or cover, may be formed of a metal such as steel, aluminum, or 
magnesium, or alternatively, of a plastic or other polymeric material Wliiie a metal 

20 housing is inherently an effective Elvll bmxier, plastic enclosure parts must be made 
eiectrically conductive in order to fonction as an EMI shield. This has typically been 
achieved by a conductive layer, such as a pamt, metal-fiUed elastomer, or a metal foil or 
coating, which may be provided by fastening, laminating, lining, transferring, over- 
molding, spraying, dipping, cladding, plating or metallizing, or otherwise which may be 

25 apphed or deposited across the interior or exterior surface of the housing. Although 
each method may ofifear certain advantages to ttie designer, there is almost always a cost- 
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performance tradeoff necessary in the selection. Such methods are fiir&er described in 
commonly-assigned of U.S. appHcation Serial No. 10/137,229, in cx)mmonly-assigned 
U.S. Patent No, 5,566,055, ia DE 19728839, U.S. Patent Nos. 5,847,317; 5,811,050; 
5,442,153; 5,180,639; 5,170,009; 5,150,282; 5,047,260; 4,714,623; and WO 00/29635; 
99/43191: 99/40769; 98/54942; 98/47340; 97/26782, and in the followmg publications of 
the Chomerics Division of Parker Hanniiiii Corporatioa (Wobum, MA): "CHO- 
SHIELDf® Conductive Compounds;" "CHO-SHIELD® EMI Shielding Covers," 
Technical Bulletui 22, (1996); "CHO-VER SHIELD™ emE Shielding Plastic Cover with 
Molded Coaductive Elastomeric Gasket," (1999); "CHO-SHIELD® 2052 Conductive 
Coating," Technical Bulletiix 48, (2000); "CHO-SHffiLD® 2054 Conductive Coating," 
Preliminary Product Data Sheet, (2000); "CH0-SH3ELD® 2056 High Performance 
Conductive Coating," Preliminary Product Data Sheet; and Ecoplate™ MetalHc 
Confoimal Coaling Process. The best of these methods will accommodate the deepest 
rec^s^ m a plastic housing part, where the smallest dfecontinuity msy provide a 
pattiway for spurious emissions. 

Managing heat also can be ancial to maintairung the reliability and extending the 
Mfe of portable and other electronic devices. Numerxjus cooling solutioas, including heat 
sinks, heat pip^ and flexible metal or caramic heat spreaders, are available for shunting 
away excess componmt heat these solutions typically reqdre a sq)arate heat sink or 
spreader attached to the l^t-generating components. For certain apphcations, however, 
a more preferred solution wotdd ehminate the need for such separate heat sinks or 
spreader. 

BROAD STATEMENT OF THE IiWlilNTTON 

The presettt invention is directed to an enclosure, such as a case, housing, or a part 
thereof such as a housing half or cover, for mobile telephone handsets and other 
elech-onic devices. More particularly, the invention relates to a confomal metallic or 
"metallized" coating layer for such enclosures. In being both eJectrically-condactive and, 
it has been discovered, an effective heat conductor, such coating advantageously may be 
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used to provide both electromagnetic interference (EKU) shielding and thermal 
management, i.e., heat spreading, for the device. That is, when employed as an EMI 
shield, such coating also may be used to provide heat spreading for the device and 
thereby may eliminate the need to provide a separate heat sink or spreader in addition to 

the EMI shield. 

The coating may be applied by means of a thamal spray process to a siirfece of 
the enclosure or enclosure part, hi an illustrative embodiment, the coating layer is 
formed by the electric arc spraying of a metal such as tin, copper, zinc, nickel or an alloy 
thereof, onto the interior or other surface of a enclosure part which may be diecaat, 
stamped, machmed, or, typically, molded of a plastic material such as a polycarbonate 
(PC), acrylonitrile-butadiene-styrene (ABS), PC/ABS hlmd, polysulfone, acrylic, 
polyvinyl chloride (PVQ, poljphenylene ethe^ (PPE). polystyrene (PS), polyamide! 
nylon, polyoleim, or a copolymer or blend thereof The coatmg layer so formed is self- 
adherent and confonns to ribs, and otiier structures, irregularities, or discontinuities 
which may be formed closure part surface. An electrically-cottduetive gasket may be 
dispensed or molded onto the part as chemically-bonded or otherwise self-adhered to the 
coating layer. Alternatively, the gasket may be adhesively bonded onto tiie coating kver 
or mechatiically fastened to flie part over the coating layer. 

As provided on the intaSor or other surface of the enclosure part, &e coating 
layer may be disposed m thermal adjacmcy with the integrated dixaiit (IC) cMps and 
other heat-generating electronic components on the printed circuit board (PCB) or boards 
of the device for the dissipation of the heat generated by these components. M this regard, 
a sheet, pa4 or other layer of a thetmally-conductive interfece material may be mid to 
fill the gaps between the coating layer and one or more of the components to provide a 
low thermal hnpedance path for the more efficient transfer of heat from the components 
to the coating layer, which heat thai may be dissipated across tlie surface area of the 
coating layer and enclosure part for the cooling of the device. Experiments have shown 
that such a metaUic confoimal coating layer, which may have a tWckness of between 
abont 0.5-100 mils (0.0125-2.5 mm), may be used to provide an EM sMelding 
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effectiveness, i.e., attenuation, of 60 dB or more while lowering tiie temperature of the 
device by 30^C or more. 

The present invention, accordingly, comprises the articles and methocte of 
maHufactme possessing the construction, combination of elements, and arrangement of 
parts and steps which are exemplified in the detailed disclosure to foUow. Advantages of 
the present invention include a confoimal metallized coating layer which is both an 
effective heat conductor aad EMI shield, and which may be fmmed rcUably and 
economically on the surface of plastic housing or other enclosure of an electronic device 
by an electric arc thennal spray process. The coating fihn so formed is strongly adherent, 
has a low porosity and ojddation, and requires no curing or ftather processing. These and 
oflier advantages wiU be readily apparent to those skilled in the art based upon the 
disclosure contained herein. 

BRIEF PESORIPTION OF THE DRAWINGS 

For a fyier underst^ding of the nature and objects of the invention, reference 
should be had to fte following detailed description taken in connection with the 
acGomp^ysng drawing wlKsrein: 

Pig. 1 is an exploded perspective end view of a handheld electronic 
communication device representative of a typical application for the enclosure herein 
involved; 

Fig. 2 is a porspective view of a back cover of the enclosure of Fig. 1 showing the 
interior sui^ thereof as having a thermal spray-appUed conformal metallized coating 
layer in accordance wifli the present invention; 

Fig. 3 is a cross-sectional view of the enclosure part of Fig. 2 taken through line 
3-3 of Fig. 2; 

Fig. 4 is a schematic plan view of a representative electric arc thermal spray 
system for forming the metallized conformal coating layer of Figs. 2 and 3; and 

Fig. 5 is an enlarged cross-.sectional fragmentary assembly view showing a 
representative EMI shielding aad thennal management assembly in acrordance with the 
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present invention wlierein a cover or other enclosure part as iu Figs. 2-3 is disposed in 
heat transfer adjacency with a heat-generating electronic component with the gsp 
therebetween being filled with a thermal interface material. 

The drawings will be described further in connection with the following Detailed 
5 Description of the Invention. 

DETAILED DESCRIPTION OF THE INVENTrON 

Certain terminology may be employed in the following description for 
convenience rather than for any limiting purpose. For example, the terms "forward" and 

10 "rearward," "front" and "rear," "righf and 'left," "upper" and "lower." "top" and 
"bottom," and "right" and "left" designate directions in flie drawings to which reference 
is made, with the terms "inward," "inner," "interior," or "inboard" and "outward," 
"outer," "exterior," or "outboard" refening, respectively, to directions toward and away 
from ttie center of the referenced element, the terms '*radiaF' or "vertical" and "axial" or 

15 '-Immmtal" referring, respectively, to directions or planes perpeedieidar and parallel to 
the longitudinal central axis of the referenced element, and the terms "downstream" and 
"upstream" referring, r<^pectiv©iy,. to directions in and opposite tliat of fluid flow. 
Terminology of similar import other than the words specifically mentioned above 
likewise is to be considered as being used for purposes of convenience rather than in any 

20 limiting sense. Also as used herein, "state change" may be used interchangeably with 
"phase change" to avoid confusion with the description of separate material phases, such 
as a continuous and a dispersed phase, within a compound or layer thesreof. 

In the figures, elements having an alphanumeric designation may be referenced 
herein coUectiively or in the alternative, as will be apparent from context, by the nmneric 

25 portion of the designation only. Further, the constituent parts of various elements in the 
figures may be designated with separate reference numerals which shall be understood to 
refer to that constituent part of the element and not the element as a whole. General 
references, along with references to spaces, surfaces, dimensions, and extents, may be 
designated with arrows. 



wo 2004/043123 



PCTrtJS2(103/0288S8 



-6- 

For the iUusteative purposes of the discourse to follow, the preparation of the 
conformal metaJHc coatuig of the invention herein involved is described in connection 
with electric arc thennal spray process. It should be appreciated, however, that other 
spray processes, such a flame spraykg, uti'iizing alternative ignition sources, such as 
oxygen, propane, acetylene, natural gas, or other combustible gases, may also be 
employed. The use of these such other processes, as may be further described in WO 
00/29635, therefore should be considered to be expressly witim tlie scope of the preseat 
invention. 

Referring then to tlie figures wherein coiresponding reference characters are used 
to designate correspondmg elements throughout the several views with equivalent 
elemente being referenced with prime or sequential alphanumeric designations, an 
exemplary electronic device is shown generaUy at 10 in the exploded perspective view of 
Fig. 1 as includmg a case, housing, or enclosure, reference generally at 12, which is 
adapted in accordance with Uie precepts of the pi^sent invention as having a metallized 
Gonformal coatij^ layer, 14. For pvaposes of illustration, device 10 is shown to be a 
mobile telephone h^set, but alternatively may be another handheld, portable, or other 
electronic device such as a personal communications services (PCS) handset, PCMCIA 
card, modem, wirel^s communication base station, telemetry or telematiG device, global 
positiomng system (GPS), radio receiver, personal digital assistant (PDA), notebook or 
desktop personal computer (PC), cordless telq)hone handset, network router or server, 
medical electronic device, or the like. Enclosure 12 is shown to be of a 2-part 
construction including a back cover, 16a, and a fiont cover, 16b, each of the parts i6a-b 
havmg a coiresponding mterior surface, 18a-b, and an exterior surface, 20a-b, which 
extend coterminously to form adjoining back and fiont waUs, 22a-b, side waUs, 24a.b and 
26a~b, and end walls, 28a-b md 30a-b, TypicaUy, the interiors of one or both of the 
enclosure parts 16 are divided or partitioned, such as by the wall referenced at 32 for part 
16a, into one or more sqjarate cavities for providing electromagneticaliy isolated 
compartments for Jhe circuitry of tiie device 10. As is shown, enclosure 12 may house 
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ojie or more prmted ciixuit boards (PCBs), 34a-b, or other circuitry or parts, such as a 
keypad, 36, of the device 10. 

The interior surfaces 18 of the parts 16a-b also extend to define interface surfaces, 
40a-b, about the perimeter of each of the enclosure parts 16, and also, as is referenced at 
5 42 for wall 32, on the internal walls or other partition structures formed within Hie parts 
16. The interface surfaces 40 and 42 are configured for abutting or other direct or 
indirect contact engagement with a mating interface surface of the other eoclosure part 
16, or with a corresponding interface or ground trace surface of a PCB 34 or other part of 
the device 10. A compressible gasket or other seal, a length of which is shown at 50 as 

10 bonded or otherwise supported on interface surfece 42, may be interposed between the 
mating interf^ or ground trace surfaces. Depending upon the requirements of the 
application, gasket 50 may extend continuously or discontinuously over all or a portion of 
the interface surfaces 40 and 42 on one or both or the parts 16a-b. Typically, gask^ 50 
will be formed of a electrically-conductive material or composite material struchiie to 

15 pnovide electrical continuity and, optionally, eoviromnetttat sealing between the mating 
parts. 

Enclosure parts 16a-b, which mzy be formed of the same or different materials, 
amy be diecast, stamped, or machinM of a metal material such as aluminum, zinc, 
magnesium, steel, or a mixtiure or alloy thereof. Alternatively, &ir may Jmndhdd or 

20 portable appUcatiorm, parts 16 may be injection molded, thermoformed, or otherwise 
formal of a plastic, which may be thermoplastic or themioset. or other polymeric 
material such as a polycarbonate, acryloniteile-butodiene-styrene, polysulfone, acrylic, 
polyvinyl chloride, polyphenylene ether, polystyrene, polyamide, nylon, polyolefm, 
poiy(ether ether ketone), polyimide, polyetherimide, polybutylene terephtlialate, 

25 polyethylene terephtfaalate, fluoropolymer, polyester, acetal, liquid crystal polymer, 
polymethylacrylate, polyurethane, polyphenylene oxide, polystymie, epoxy, phenolic, or 
a copolymer or blend thereof. 

As formed of a plastic material, the enclosure parts 16 will generally be non- 
eiectrically conductive, and coating layer 14 thus may be provided as an electrically- 
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coiiductive and, preferably, corrosion-resistant surface on or both of the parts 16. As 
may be seen with additional reference to Fig, 2 wherein enclosure part i6a is shown in 
enhanced detail and to the magnified cross-sectional view thereof of Fig. 3, layer 14 may 
be chtmicterizcd as aii adherent, electrically-conductive fihn or other coating or the like 
which is applied to cover at least a portion of one or both of the mterior surfaces 18a-b of 
the corresponding enclosure part 16a-b. For many «ppHcations, shielding layer 14 will 
have a fihn thickness, referaiced at "t" in Fig. 3, of betweon about 0.5-100 mils (0.0125- 
2.5 mm), with the enclosure parts 16a-b having a thickness, referenced ^ "T" m Fig. 3 of 
between about 0.020-0.250 inch (0.05-1 on). 

Iq an illustrative embodiment, the metalhzed coating layer 14 is thermally- 
sprayed, such as by means of standard arc wire equipment, onto at least a portion of and, 
tjpically, substantiality the entirety of the interior surfaces 18 and interfece surfeces 40 
and 42 of each of the parts 16a-b. For corrosion resistance, layer 14 may be fiirmed of 
tm, nickel, or an alloy tiiereof. Alternatively, layer 14 may be formed of copper, silver, 
zinc, or om& metal or altoy. Typically,. &e compoation of lay^ 14 may comprise 
between about 80-95% by weight of tin or nickel, and between about 5-20% by weight of 
one or mom of zinc, cc^per, or aluminum. Trace amounts of other metals, elements, and 
or^c or inorganic confounds also may be present. Such material is economical and 
provides a corrosion-resktoit coating on surface 18, In this regard, layer 14 typically 
will exhibit a less than about 5-15% increase m surface r^istance upon exposure to a 
salt-fog environm^t for about 48 hours at about 35"C. Layer 14 similarly will be 
observed to exhibit substantially no mcrease m surfece resistance fbllowmg a thennal 
cyclii^ of at least about 5 cycles at -40'C to 85*^C with a dwell time of about two hours at 
each of the i^iper and lower tmiperatore limits. 

Advantageously, fliermally-sprayed in accordance with the present invention, 
coating layer 14 is self-adherent to interior surface 18 as being bonded thereto. Such 
bond principally will be by way of mechanical forces, but additionally may include 
fusion or chemical bonding, and/or electrostatic, van der Waals, or other vafeirce or 
attractive forces depending upon the composition and the compatibihty of the metal or 
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plastic material forming surface 18 and flxe metal material fonning the metalUzed 
coating layer 14. TypicaUy, layer 14 will be obsei-ved to have an assigned rating of about 
"SB," i.e., substantially no coating pickoff, as detemiined on a scale of 0B-5B in 
accordance with ASTM Test Method D3359-97, "Standard Test Methods for Measuring 
Adhesion by Tape Test," in which the adhesion of coatings is assessed by applying and 
removmg pressure-sensitive tape over cross-hatch cuts made m the coating. 

Prior to the metallizing of layer 14 thereon, surface 18 may be cleaned, etched, 
roughened, or otherwise treated or modified such as by means of one or more of 
compressed gas, chemical or solvent etchin^cleaning, grit-blasting, such as with 
aluminum oxide or another abrasive, cjr other known surface treatment such as corona 
discharge or plasma ionization. Alternatively, a chemical bond coat, such as a 
themoplastic dissolved m a solvent, may be apphed to the surface IS and dried or 
otherwise cured thereon to fonn an intermediate tie layer between the surface and the 
metaUized layer 14. 

As an addition or an alternative to the above-desciibed surfece treatments, the 
metallizing may be effected at an elevated substrate temperature, such as SCTC or higher, 
so as to increase ttie surfece energy of the surface 18. However, the metaHizing also may 
be performed at ambient temperature so as to avoid any potential for heat distortion and 
oth^ dimensional, physical, or chemical changes in the substrate material. Depending 
upon the requirements of the particular appUcation involved, areas of surface 18 may be 
masked, such as by means of a overlay cut-out, to prevent the deposition of shieldmg 
layer 14 on those areas. As maitioned, and as may be seen best in the cross-sectional 
view of Fig. 3, the coating layer 14 formed in accordance with flie present invention is 
Gonfoimal m that it is able to cover ribs, stiffeners, bosses, deep draws, vertices, and other 
surfece asperities, irregularities, or discontinuities, such as the generally vertical surfaces 
60a-b of waU 32. 

With continuing reference to Fig. 3, gasket 50 may be seen to be disposed 
foUowing the metaliization of surface 18 on the portion 62 of layer 14 covering the 
interface surface 42. Such gasket 50 may be provided as having a resiUent core element 
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affording gap-fining c^abilities which is either loaded, sheathed, or coated with an 
electrically conductive element. The resilieat core element which may be foamed or 
unfoamed, solid or tubular, typically is molded, extruded, die-cut, or otherwise formed of 
an elastomeric thermoplastic matciial such as a polyolefiii, polyvinyl chloride, or a 
polypropylene-EPDM blend, or a themioplastic or tiiemiosetting rubber such as a 
butadiene, styrene-butadieae, nitriie, chlorosulfonate, nsoprene, ureQme, silicone, or 
fluorosilicone. 

Conductive materials for the fiUer, sheatlung, or coating include metal or metal- 
plated particles, fabrics, meshes, and fibers. Preferred metals include copper, mckd, 
silver, aluminum, tin or an alloy such as Mone^ with preferred fibera and fabrics 
including natural or synthetic fibers such as cotton, wool, silk, cellulose, polyester, 
polyamide, nylon, polyimide. Other conductive particles and fibers such as carbon, 
graphite, plated glass, or a conductive polymer maieriai may be substituted. The gasket, 
alternatively, may be provided to be of an all-metal, knitted wire consHuction, or as a 
over-molded or f«med-in-piace (FiP) bead of a curable, etectdcally-conductiv^ siHcone 
or urelhane composition. As to an HP construction, the composition is dispaised in a 
fluent state onto the sorfece 42 and the layer 14 portion 62 thereon, then is cured or 
foamed in situ via the application of heat or with atmospheric moisture. UV, radiation, or 
other energy sources. 

Means of securing gasket 50 to the layer portion 62 include pressure-sensitive 
adhesive tapes or other layers (not shown), which may be fiUed to be electricaUy 
conductive, interposed between the layer 14 portion 62 and fee gasket Alternatively, 
niechanical means of ^chmeat such as clips, feateners, or a tongue-in-groove or other 
interference fit may be employed, to the case of aai over-molded or FTP construction, the 
gasket 50 may be self-bonded by chemical, mechanical, or other adhesive forces to the 
layer 14 portion 62. EMI shieldmg gaskets and their methods of manufacture and use are 
fiirther described in U.S. Patent Nos. 6,121,545; 6,096,413; 5,910,524: 5,882,729; 
5.731,541; 5,641,438; 5,603,514; 5.578,790; 5,566,055; 5,524,908; 5,522,602; 5,512,709; 
5,438,423; 5^02,536; 5,142,101; 5,115,104; 5,107,070; 5,105,056; 5,068,493; 5,028,739; 
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96/22672 and 98/54942; Japanese Patent Publication (Kokai) No. 7177/1993; DE 
19728839, and Severinsen, J., "Gaskets That Block EMI," Machine Design, Vol 47, No. 
19, pp. 74-77 (August 7, 1975). 

Turning next to Fig. 4, a schematic diagram of a representative are wire system 
adapted for the thermal sprajing of shielding layer 14 onto intsior surface 18a of 
enclosure part 16a is referenced generally at 70. In the system 70, a pair of elecfiically- 
conductive, consumable wire electrodes, 72a-b, are feed via a corresponding roUer 
arrangement, 74a-b, or other mechanism through a pair of contact tubes, 76a-b, which 
may be housed within a nozzle, referenced generally at 78, of a gun or other spray head. 
Each of the wire electrodes 72, which may be of the same or difference composition, may 
be provided in accordance wiih the present mvention as formed of the tin, nickel, or alloy 
metal further described hereinbefore. The wire sizes and feed rates may be varied 
dq)ending on the application, but generally would be consid^ed conventional for the arc 
wine proc^ hereia involved. 

With om of the contact tubes 76a-b being held, for example, at a positive voltage 
potential, such as is referenced at V+, and with the other of tuhes 76a^b being held at a 
negative voltage potential, such as is referenced at V., a corresponding electrical potential 
difference may be induced in the wire electrodes 72 by virtue of their conductive contact 
with an associated on of the tubes 76. Such potential difference is manifested as an 
electric arc which is generated within a gap or "arc zone," located generally in the area 
referenced at 80, maintained between flie tips of the wires 72. As the wires 72 are feed 
continuously into the arc zone, heat generated resistively by the arc raises the temperature 
of the wires to above thdr correspoadisg Kquidus temperature, typically between about 
200.500^C. and thereby causes the tips of the wires to melt. The melt produced is 
atomized into a spray, 82, of droplets by a primary gas stream, the direction of which is 
denoted by the arrow 84, which stream 84 may be compressed air supplied into the arc 
zone SO through a centrally-located tube or other passageway, 86. Additional 
atomization or containment of the spray 82 may be effected by a secondary gas stream. 
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the direction of which is denoted by the 88, which stream 88 my be mtroduced within a 
shield, 90, which surrounds She orifice or outlet, 92, of the nozzle 78. 

Hie force of the atomizing gas streams 84 and 88 also accelerates the droplets of 
the spray 82 towards the workpiece, represented in Fig. 4 by the housing part 16a of Figs. 
1-3, which may be positioned a spaced-apart distance, topically between about 4-24 
inches (10-60 cm), opposite the nozzle 7S as received on a table, comeyot, or other 
support, 94. As is known, one or both of the nozzle 78 or workpiece I6a may be moved 
relative to other to provide complete coverage of the substrate surface 18 by the spray 82. 
For example, the nozzle 78 may be mounted for movement along one or more axes on a 
gantry or an articulated robotic am. The molten droplets of spray 82 solidify and fuse 
rapidly upon impact with the surface 1 8 to form an adherent coating of the shielding layer 
14 of the invention thereon. Depending upon the thickness of the layer 14 required, 
single or multiple passes of the spray 82 over liie surface 18 maybe perfomed. 

Referring lastly to Fig. 5, a representstive- EMI shielding and thermal 
management assembly in accordance with the present invention is lefeienoed generally M 
100. In the assembly 100, a housing half, cover, or other enclosure part, such as part 16a 
as in Figs. 1-4 having the lay^ 14 formed as descaibed hereinbefore or o&erwise as 
provided, is dispose in the assembled device 10 (see Fig. 1) in confironting or other heat 
transfer a^^acency with one or more of tile heat-generating analog, digital, or other 
electronic components, such as the component referenced at 102, supported on the PCB 
34a or other substrate within the device 10. 

Component 102 may be an integrated microchip, microprocessor, transistor, or 
other power semiconductor device, an ohmic or other heat-generating subassembly such 
as a diode, relay, resistor, traasfonner, amplifier, diac, or capacitor, or, alternatively, 
another heat-generating source, and typically, component 58 will have an operating 
tempemture range of between about 60-100°C. For the electrical comiection of 
component 102 to PCB 34a, one or more paiiB of solder baUs. leads, or pins, one pair of 
which is referenced at 104a.b, are provided as extending from component 102 into a 
soldered or other connection wiHi PCB 34a. Leads 104 additionally may support, as is 
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shovm, con5>onenl 104 above PCB 34a to define a gap, referenced at 106, of about 3 
mils (75 microns) therebetween. Alternatively, component 102 may be received directly 
on PCB 34a. 

With the part 16a having the appHed layer 14 being disposed as shown in 
opposition or like thermal adjacency one or more of tJie components 102, a gap, 
referenced at "g," is defined therebetween the layer and one or more, or each, of the 
components 102 which may range, for example, iiom about 2 mils (0.05 mm), or less, to 
about 100 mils (2.5 mm), or more. For at least paitially filling the gap g to provide a 
lower thermal impedance path for the more efficient transfer of heat from one or more, or 
each, of the components 102 to ihe coating layer 14, which heat thea may be dissipated 
across the surface area of the layer 14 and enclosure part 16a for the cooling of the device 
10 (Fig. I), a sheet, pad, or other layer, 110, of a thermal interface material may be 
inteiposed or, such as in the case of a form-in-pace compound, dispensed between one or 
more, or each, of the components 102 and the layer 14. 

Such material foraiing layer 1 10 may be an admixture of a Ma: and a resin. The 
filler generaUy may be tfiennaUy-conductive as having a thennal conductivity of at least 
about 20 W/m-K, and may comprise oxide^ nitride, carbide, diboride, graphite, or metal 
particles, or a mixturt; ther^f. The tmn, which may be a homopoiynier, copoiynier, or 
bl^, may comprise an elastomer such as a siHcone or polyurefliane. a phase-change 
20 material (PCM). FoimuJated as described, the admixed material may have a thomal 
conductivity, such as in accordance with ASTM D5470, of at least about 0.5 W/m-K. 

Wilimi the gap g, the material generally may conform, such as imder an ^plied 
pressure developed by the mating of the housing parts 16a-b, to at least partially fill the 
gap g. Depending upon the requirements of the particular applic^on, Ac material 110 
25 may be selected to be conformable or otherwise compUant under a relative low or 
substantially no force, that is, for exanq>le, a compression or force deflection of about 
25% at about 0.3 psi (2 kPa), md of about 50% at about 1 psi (6 kPa) or less. Thermal 
interfece materials are further described in U.S. Patent Nos. 6,096,414; 6,054,198; 
5,798,171; 5,766,740; 5,679,457; 5,545,473; 5,533,256; 5,510,174; 5,471,027; 5,359,'76S;' 
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5,321,582; 5,309,320; 5,298,791; 5,250,209: 5,213,868; 5,194,480; 5,137,959; 
5,167,851; 5,151,777; 5,060,114; 4,979,074; 4,974,119; 4,965,699; 4,869,954; 4,842,911; 
4,782,893: 4,764,845; 4,685,987; 4,654,754; 4,606,962; 4,602,678; 4,473,113; 4,466,483; 
4,299,715; and 3,928,907. Additional themial interface material also may be used to fill 
5 the gap 106. 

Particularly as employed within the EMI shielding and thermal management 
assembly 100, (XJating layer 14 may be foi-med so as to exhibit an electrical surface 
resistance of not greater than about 0.10 a'sq., and to provide an EMI shielding 
effectiveness, such as in accordance with CHO-TM-TPOS TP57 (Chomerics Test 
10 Procedure, Parker Chomerics Division, Wobum. MA), of at least about 60 dB 
substantially over a Jxequeaicy range of between about 10 MHz and about 2 GHz. Such 
layer 14, moreover, may be so formed as to exhibit a tiiemial conductivity, such as in 
accordance vdth ASIM D5470, of at least about 5 WAn-K. 

AWhou^, as mentioned, and paiticularly for corrosion resistance, layer 14 may be 
15 formed of tin, nickel, or an alloy tihereo:^ ttte layer alternatively may be formed of another 
metal or alloy, such as copper, having a relatively hi^er thermal conductivity and 
thereby allowing for a reduction in the fihn thickness of the coating layer while affording 
comparable -Qieimal performance. 

Although the coating layer 14 is shown in Fig. 5 to be generally homogeneous, a 
20 composite, i.e., laminate, anrangement of two or more layers of different materials, one 
deposited on top of the ofter, also may be used. For example, a first of such layers, 
which may be an inner or outer layer, may be more, or less, tliermally conductive than a 
second of such layers which, in turn, may be more or less corrosion-r^istaat, or more or 
less adherent to die smfese 18a, than the first layer. A specijfic example would be the 
25 deposition of tux-zinc alloy layer on top of an inner copper alloy layer for the puipose of 
protecting tihe copper jfrom oxidation. 

Furthermore, although the coating layer 14 also is shown m the figures herein to 
cover the entirety, or substantially the entirety of the surface 1 8a, it should be appreciated 
that the layer 14 may be deposited in a specific pattern so as to function as a "heat pipe." 
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hi such an arrangement, the heat transferred from the component 102 may be ckimielled 
along a path defined by the coating pattern to a specified point or member, such as a heat 
sink, for dissipation. 

Thus, the use of thermal-sprayed or oth erwise deposited metal and metal alloys as 
confonnal coating or other covering layers on the surfaces of enclosures, enclosure parts, 
and the like have been described. Such layers may be used within assemblies such as 
electronic devices to provide either or, advantageously, both Em shielding and thennal 
management for the device, and without the need to provide a separate heat sink or 
spreader, i.e., in addition to the EMI shield. 

The Example to follow, whcsrein all percentages and propoitions are by weigiit 
unless otherwise expressly indicated, is illustrative of the practicing of the invention 
herein involved, but should not be construed in any limiting sense. 



EXAMPLE 



Represstitative coating samples according to the present inveation were prepare 
for characterizatioa using an electric-arc thermal spray process. Lidividuai panels of a 
0.125 inch (3.175 mm) liack acrylomtrile-butadiene-styrene (ABS) sheet, lepiBsentative 
of a plastic housing or case, were coated with a 1.5, 4.0, 11.0 or 17.3 mil (0.04, 0.10, 
0.28, or 0.44 mm) thick layer of an 80% Sn, 20% Zn aUoy. The coated sheets were cut 
into 2x2 inch (5 x 5 cm) paneki for testing. 

In each test, a Type "T" thennocoiq)le was attached with thermally conductive 
adhesive t^e to the center of &e mcoated surface of each of tiie test panels to measmrs 
"skin" temperature. A 0.75 x 0.75 inch (1.9 x 1.9 cm) pad of a 0.07 inch (1.78 ram) thick 
thermally-conductive theimal interface material was intei-posed between a heat source 
and the panel. The pad, which inchided a layer of alumiuum foil on one side, was 
attached to the center of the test panel with the foil surface adjacent the coating layer side 
of the panel. The heat source, a TIP3 1 power semiconductor device in a TO220 package, 
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was attached fJirou^ its base to the other (elastomer) surface of the pad. It was noted 
that the elastomer surface of the pad was sufBciently tacky to maintain thermal contact 
with the device throughout the test 

The TIPS 1 device was connected to an Analysis Tech Phase 10 Thermal Analyzer 
to power the device and perform the temperature measurements. Device junction, 
ambient and plastic and plastic case temperatures were recorded upon thennal 
eqinJibrium being estabHshed. Thermal resistance (R) values also were detetmined. The 
results are suimnarized in the tshls below. 

TABLE 



Thickness 
(miis) 


Power 
(watts) 


Tjuncfson 

C^C) 


T"cas8 


Tanibiant 

rc) 


Rjunction-case 

(°cm 


r^uncSon-amblenf 

i°cm 


0 




110.8 


74.6 


22.2 


17.8 


43.8 


1.5 


2.02 


103.7 


67.3 


21.2 


18.0 


40.7 


4.0 


2.02 


94.5 


60.2 


21.8 


17.0 


35.9 


11.0 


2.02 


86.8 


54.0 


20.9 


16.2 


32.5 


17.3 




dl3 


48.0 


22.1 


16.4 


29.2 



Tiese data show that the metallic confoimal coating of the present invention, in 
layers as thin as 1.5 (0.04) mil or less, is effective to dissipate the heat genaated by a 
semiconductor device, and to reduce the overall hesat load that the plastic case must 
dissipate into the environment. Such thermal dissipation performance reduces the 
junction temperature of the device as well as the potential for hot spots on the case. 
Indeed, the result for the 4.0 mil (0.10 mm) thick coating sample is especially significant 
effect insofar as the junction temperature was roiuced by IS'C and the case temperature 
was reduced to 6(fC. Such a reduction in the case temperature is of practical importance 
as a case temperature over 6(fC can cause bums when touched- 

As it is anticipated that certain changes may be made in the present invention 
witiiout departing from the precepts herein involved, it is iatended that all matter 
contained in Ihe foregoing description shall be interpreted in as illustrative rather than in 
a limiting sense. All references including any and all priority documents dted herein are 
expressly incorporated by reference. 
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CLAIMS 

What is ckimed 

1. A method of dissipating heat from an electxonic device having an 
enclosure and at least one heat-generating source received within tlie enclosure, the 
enclosure having one or more paits, and at least one of the parts having an exterior 
surface and an opposing interior surface, the metliod comprising the steps of: 

(a) covering at least a portion of tlie interior surface of said one of Uie 
enclosure parts with a confonnal metallic layer, and 

(b) disposing the conformal metallic layer covered on said one of the 
enclosure parte and the source in heat transfer ^jacency with each other. 

2. Tlie method of claim 2 wherein the metalUc layer comprises tin, nickel, 
copper, zitic, aluminum, silver, or an alloy Hiereof. 

3. The method of claim 1 wherein the interior surface of said one of the 
enclosure parts is covered in step (a) by the steps of: 

(i) providing a feed material comprising a metal or metol alloy; 

(ii) heating said feed material of step (i) into a molten state; 

(iii) atonuzing said feed material of step (ii) while in said molten state; 

(iv) spraying the atomized feed material of step (ii) while in said molten state 
on said portion of the mterior surface of said one of the enclosure part to form a self- 
adherent coating of said metal thereon; and 

(v) solidifying said coating of step (iii) to foim said coirformai metallic layor. 

4. The method of claim 1 wherein the conformal metallic layer covering said 
one of the enclosure parts and the source are disposed in step (b) to define a gap 
therebetwe^, said method further conqmsing the additional step before or after step (b) 
of interposing a thermal interface material between the conformal metallic layer covered 
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on said one the enclosure parts and the souice, said thermal interface material at least 
pffltially filling said gap. 

5. The method of claim 4 wh^ein the fhenml interface material comprises 
an. admixture of a resin and a filler. 

6. Hie method of claim 1 ^ere the heat-geaerating source is an electronic 
component 

7. The method of claim 6 where the electronic component is mounted on a 
circuit board. 



8. The method of claim I wherein said housing part is formed of a plastic. 

9. The method of claim 8 wherein said plastic is polycarbonate, acrylomtrile- 
butadiene-styreBe, poiysulfone, acrylic, polyvinyl chloride, polyphenylene ether, 
polystyrene, polyamide, nylon, polyolefm, poly(ether ether ketone), poljimide, 
polyetherimidei polytetyl^e tereph&alate, polyethylene t^ephthalate, fluoropolymer, 
polyester, acetai, liquid crystal polymer, polymethylacrylate, polyurethane, 
polyphenylene oxide, polystyrene, qpoxy, phenoHc, or a copolymer or blend tiiereof. 

10. The method of claim 1 wherein tiie metallic layer has a thermal 
conductivity of at least about 5 W/m-K. 

11. The method of claim 1 wherein the metallic layer exMbite an EMI 
shielding effectiveness of at least about 60 dB substantially ova: a frequency range of 
between about 10 MHz md about 2 GHz. 

12. The method of claim 1 wherein the metallic layer has an electrical surface 
resistance of not greater than about 0. 10 Q/sq. 
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13. The meftod of claim 1 whesreiu said shielding layer of step (e) has a 
thickness of between about 0.5-100 mils (0.0125-2.5 mm). 

14. The method of claim 3 wherein said feed material is heated in step (a)(ii) 
by generatiag an dectric arc within aa arc zone, and passing said feed material through 
said arc zone. 



1 5. The method of claim 14 wherein; 

said feed material is atomized in step (a)(ui) by a gas sl3^am passed with said feed 
material teough said arc zone; and 

said feed material is sprayed in step (a)(iv) by entrainmeat within said gas stream. 

16. The method ofciaim 14 wherein: 

said feed material is provided as a first wire and a second wii-e, each said wire 
being passed with the other said wire through said arc zone; and 

wherein said arc is geaeraf^ by applying an electrical potential difference 
between said first and said second wire. 

17. A thermal management assembly for aa electronic device having an 
exiclosure and at least one heat-gmerating source received witliin the enclosure, ths 
enclosure having one or more parte, and at least one of the parts havmg an exterior 
surfece and an opposing mterior surface, the assembly comprising a confonnal metallic 
layer covaing at least a portion of the interior surfiice of said one of the enclosure parts, 
and being, di^sed in heat transfer adjacency wiOi the source received within the 
enclosiEre. 

IS. The assembly of claim 17 wherein the metallic layer comprises a self- 
Cerent coating of a metal or metel alloy. 
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19. The assembly of claim 18 wherein the metallic layer comprises tin, 
nickel, copper, zinc, alumimixa, silver, or an alloy thereof. 

20. The assembly of claim 17 'nrherein the conformal metallic layer coveriog 
said one of the enclosure parts is disposed in said heat transfer adjacency with the source 
receivai within the enclosure to define a gap therebetween, said assembly fbrther 
Gomprisuig a thermd iaterfece material interposed between the conformal metallic layer 
and the source, said thermal interface material at least paitialiy iilling said gap. 

21. The assembly of claim 20 which consists for the source essentially of the 
conformal metallic layer and the theimal interfece material. 

22. The assembly of claim 20 wherein the thermal interface material 
comprises an admixture of a r^in and a filler. 

23. The assembly of claim 17 where the heat-generating source is an 
electronic compoiKatit, 

24. The assembly of claim 23 where the electronic component is mounted on a 
circmt board. 

25. The assembly of claim 17 wherein said housing part is formed of a plastic. 

26. The assembly of claun 25 wherein said plastic is polycarbonate, 
acrylomtrile-birtadiene-styrene, polj^ulfons, acrylic, polyvinyl chloride, poiyphenyleae 
dhor, polj^tyrene, polyamide, nyion, polyolefin, poiy(ether ether ketone), polyimide, 
polyethfirimide, polybutyleaae terephthalate, polyethylene terephthalate, fluoropolymer, 
polyester, acetal, liquid cr^tal polymer, polymethylacrylate, polyurethane, 
polyphenyicaie oxide, polystyrene, epoxy, phenolic, or a copolymer or blend thereof. 
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27. The assembly of claim 17 wherein the metallic layer has a thermal 
conductivity of at least about 5 W/m-EL 

28. The assembly of claim 17 vs^erein the metalUc layer exhibits an EMI 
shielding effectiveness of at least about 60 dB substantially over a irequency range of 
between about 1 0 Mffiz and about 2 GHz. 

29. The assembly of claim 17 wherein the metallic layer has an electiical 
surface resistance of not greater than about 0.10 Q/sq. 

30. The assembly of claim 17 wherein said sMeldmg layer of step (e) has a 
thickness of between about 0.5-100 mils (0.0125-2.5 nun). 
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